Background: The production of algal-derived oil has been recognized as an expanding new industry. Algal oil recovery and quality are impacted by both biological (algal cell type, growth physiology) and technical (recovery and extraction methodologies) constraints. Unfortunately, and unlike other well-established food and oil commodities, presently no universal reference standard exists for use in the algal oil industry. Results: A laboratory-optimized strain of Chrysochromulina sp. is proposed as a natural matrix reference standard for algal fatty acid analysis. The alga is amenable to this purpose because: (a) as a soft-bodied organism, it is susceptible to many disruption and fatty acid extraction techniques; (b) it has a high fatty acid content (~40% dry weight); (c) the growth response and lipid profiles of this organism are highly reproducible; (d) unlike many algae that have limited fatty acid distributions, Chrysochromulina sp. cells contain a broad representation of both saturated and unsaturated fatty acids ranging from C:14 to C:22. As a proof of concept, Chrysochromulina sp. was used as a reference standard for comparing 20 taxonomically diverse algal cultures, grown under identical physiological conditions and analyzed for fatty acid content using a micro-GC/MS analytical technique. Conclusions: Expanding efforts in both commercial and research facilities will require the screening and monitoring of candidate algal strains for lipid synthesis. Universal adoption of a reference standard will provide a common platform to compare the fatty acid compositions of different algal strains grown under diverse environmental conditions and subjected to different oil recovery methods. A reproducibly generated natural matrix standard will have two distinct advantages: (a) as a reproducibly generated standard, it can supplant reference products that vary markedly among suppliers; and (b) the use of a natural matrix standard will help in the identification and elimination of errors in lipid extraction, derivatization and analysis.
Industries that produce complex biological commodities (e.g., food, fuel, cosmetics) routinely compare their products to a standard reference material (SRM) to ensure that product quality is within trade specifications. Such products comprise complex macro-molecular matrices (e.g., thick-walled vascular plants or algae) that present nontrivial challenges in quantitation. To compensate, analytical chemists have adopted a type of SRM called a natural matrix standard. The publication of natural matrix standards for food products [1] is among the longterm projects of the National Institute of Standards and Technology (NIST) and the Association of Official Analytical Chemists (AOAC International). For example, the AOAC dye binding method II assay for protein in milk recommends continuous standardization against "standard" milk, whose properties are already known, through previous testing and rigorous control [2] . The emerging fields of algal biofuels and bioproducts face challenges similar to those seen in the food science industry with respect to quantitating algal fatty acids. For this reason, we recommend that the algal biofuel and bioproduct community adopt a natural matrix standard.
Three variables complicate the comparative analysis of algal fatty acids [ Fig. 1 ]. Two are biologically driven and the third purely technical.
First, microalgae are an enormously complex group of organisms that have a long evolutionary history. Eukaryotic representatives, used almost exclusively for oil sourcing, split into the major taxonomic clades that exist today approximately 1.2 billion years ago [3, 4] . One consequence of this prolonged evolutionary timeline is that algae have diverged extensively in the type and quantity of fatty acids that they produce [5] . Fatty acid "signature" often reflects the taxonomic position of the organism. For example at the class level, chlorophytic algae contain minimal levels of C20:5 whereas haptophytes can produce significant amounts of this product [6] . Differences in fatty acid profiles among algal representatives are not limited to higher taxonomic ranks. Extensive variability in fatty acid complement is also found at more restricted taxonomic levels (e.g., within a species) [7] . Such fatty acid trait modification via adaptive mutation is augmented by the rapid rates of cell division within high density algal populations. This ongoing evolutionary process occurs, whether algal cells are located in their natural habitat, the laboratory, or in a commercial growth facility [8, 9] . As a result, even closely related strains within a species can markedly differ in fatty acid profile.
Second, growth physiology influences the quality and quantity of algal oil produced. Environmental cues, both abiotic (e.g. temperature, nutrient load, photo-period) and biotic (e.g. eco-cohorts), impact the rate at which a culture matures and influences the metabolic program expressed by the resident algal population. Since the ecology of algal cultures changes rapidly in real time, cell lipid profiles are often in dynamic flux (e.g., cells store and deplete lipids over the 24 h day/night cycle [10] ). When one considers the high number of published studies concerning algal oil production, it is surprising how little information is known concerning the relationships between physiological parameters used for algal culture and fatty acid composition.
Lastly, as shown in [ Fig. 1 ], there is no universal protocol for recovering, analyzing, and quantitating algal fatty acids, even though each of these steps can strongly influence final results [11] . Each step presents a plethora of variables. For example, sourcing lipids from algal cells often entails harsh cellular disruptive methods, such as sonication or shearing [12] . This difficulty is more pronounced for algal cells that have a tough cell covering. Alternatively, some algae are induced to secrete oil products ("milked") for their fatty acids [13] while other methods extract oils from whole cells using solvents, absent prior disruption [14] . Whatever the cellular recovery process, the choice of solvent system in combination with extraction technique can markedly influence the amount and quality (i.e., chain length) of the fatty acid product recovered. Typical analytical methods often include sequential dehydration, extraction, derivatization, and some form of chromatographic analysis to assay lipid content [15] . Errors may accumulate in any stage of this analysis -a challenge compounded by the variety of methods routinely employed by different laboratories. Subtle differences in methodology can strongly influence final results [16] . A classic demonstration of this challenge was observed when Chlorella sp. fatty acids were assayed using three different solvent/extraction methods [17] wherein the Blight-Dyer, Soxhlet, and HIP techniques were found to differ both in polyunsaturated fatty acid recovery and in artifact generation. Post-analysis comparison of fatty acids reveals yet another challenge. Fatty acid concentration is currently measured relative to dry algal mass, dry ash weight, cell count, or optical density. Since results are presented relative to so many different quantities, it can be difficult to compare either total or specific fatty acid productivity among algae that are studied by multiple laboratories.
A clear solution to algal fatty acid standardization is the widespread adoption of a reference alga that can be analyzed parallel to the experimental organism of interest. Results obtained from an experimental organism may then be presented and discussed relative to the standard organism. In this study, we suggest the use of the laboratory-optimized alga, Chrysochromulina sp. (Prymnesiophyceae), as a standard organism for lipid comparison. This wall-less alga has a broad range of lipids including those most valuable for use as a biofuel source, (shorter, saturated fatty acids; [18] ) or as an aquaculture food source (long polyunsaturated fatty acids; [19] ). The lipid profile of this organism is remarkably stable when this alga is grown and harvested under controlled laboratory conditions. The fact that cultures of Chrysochromulina sp. can be synchronized also allows high resolution targeting of oil recovery during a growth cycle.
Functionally, the Chrysochromulina sp. SRM would be available as frozen, dehydrated samples. The standard organism would be grown in a certified laboratory under tightly controlled conditions, prepared, and sent to the analytical scientist as a lyophilized pellet. A quantitative fatty acid profile of the production lot would be included with each sample. We propose that by using a standard organism as a universal reference for fatty acid profiling, researchers may validate their methods and results without necessitating the costly and time intensive adoption of new analytical methods or protocols.
In this study we show that: (a) currently available commercial standards are insufficient for comprehensive method validation, (b) fish oils are insufficient for use as algal fatty acid standards, (c) Chrysochromulina sp. provides a reproducible natural matrix standard, and (d) the Chrysochromulina sp. standard can be applied in the comparative analysis of a broad selection of highly lipophilic golden-brown algal taxa (Chromalveolata) that are often underrepresented in the published fatty acid chemistry literature.
Materials and methods

Algal culturing conditions
Algal cultures were curated in 250 mL Erlenmeyer flasks containing 100 mL of appropriate culture medium (Table 1) . Small flasks were stoppered using silicone sponge plugs (Bellco Glass, Vineland, NJ) that allow for gas exchange, and topped with a Propper sterilizer bag (Western Medical, Woodinville, WA). For all experiments, cells were grown in wide-mouth 2.8 L Fernbach flasks containing 1.0 L of medium, that were plugged with hand-rolled #50 cheese cloth-covered cotton stoppers and covered with a #2 size Kraft bag (Paper Mart, Orange, CA). Both pre-cultures and large batch cultures were maintained at standard conditions consisting of a 12 h light:12 h dark photoperiod at 20°C under 100 μEm −2 s −1 light intensity using full spectrum T12 fluorescent light bulbs (Pacific Lamp & Supply Co., Seattle, WA). No CO 2 was provided. These cultures were unialgal, except when indicated in Table 1 . Experimental flasks were generated as follows. For taxon comparison experiments, cultures grown to stationary phase in small flasks were used to initiate experimental 1.0 L cultures. Inoculation concentrations for various algal taxa were chosen so that logarithmic phase would occur at approximately the same day for all cultures that were being analyzed. For the standard consistency experiment, small flasks were used to initiate large batch 1.0 L "pre"-cultures. After growth (~8 generations) in large volume culture, the experimental 1.0 L cultures were initiated from the pre-cultures. This step serves to mitigate the lag phase in growth response. The large batch cultures contained 1.0 L COREs medium in 2.8 L Fernbach flasks. Five flasks of Chrysochromulina sp. were simultaneously inoculated at 1 × 10 5 cells/mL and sampled over the course of 14 days. All cultures were maintained at standard growth conditions described above with no agitation. No additional CO 2 was provided to cultures.
Cell counts
Cell counts were made using an Accuri C6 flow cytometer (BD Scientific, Ann Arbor, MI). All cultures were sampled at hour~6 in the light portion of the 12 h light:12 h dark photoperiod (L6). Several algal cultures were comprised of very small cells, and some cultures contained bacteria as well as algae. Algal populations were differentiated from bacteria and debris by observing chlorophyll autofluorescence in two dimensions: 488 nm excitation to 670 nm high-pass (in channel FL3), and 640 nm excitation to 675/25 nm detection (in FL4). Algal cells detected in this manner were subsequently gated in the forward and side-scatter space, (which approximates measurement of particle size,) thus separating whole cells from cellular debris. Total overlap by particle count between gated populations and background was less than 1%.
Total lipid quantification and profiling
For taxon comparison studies, samples were collected for total fatty acid analysis by GC/MS when the algal cultures were approximately in mid-logarithmic phase and in late linear growth. For the standard consistency experiments, samples were collected on days 4 (logarithmic) and 10 (late linear). All samples were taken at the same time during the 12 h light:12 h dark photoperiod as those obtained for cell counting (see above). Culture aliquots were placed in new 10 mL Pyrex glass tubes (Fisher Scientific, Kent, WA) and pelleted by centrifugation at 5900 × g for 20 min at 4°C. After discarding the supernatant, the pelleted cells were flash-frozen in liquid nitrogen. Samples were stored at −80°C before lyophilization and chemical processing for GC/MS. Usually quadruplicate samples were collected.
GC/MS analysis was performed using the sub-microscale in-situ (SUMI) method devised in this laboratory [10] . This method requires only 250 μg of lyophilized sample. Fatty acids present in the lyophilized samples were transmethylated to fatty acid methyl esters (FAMEs) in-situ, catalyzed by boron trifluoride in methanol. A two-component triglyceride surrogate (C11:0 and C17:0; Restek, Bellefonte, PA) was added to the sample prior to transmethylation to account for any variation in methylation or sample handling prior to internal standardization. After transmethylation, the analytes were separated from other compounds present in the sample using a two-phase (brine and isooctane), twostep phase separation. The two-step separation is necessary due to the small volume (b200 μL) of neutral phase used to keep the concentration of analytes within instrument sensitivity. In the two-step phase separation the analyte-containing isooctane layer was transferred from the sample tube to a small-diameter GC/MS vial insert (Restek), thereby increasing layer depth. Known volume of the neutral layer could then be easily removed. An internal standard of deuterated aromatics was then added to the sample ("Revised SV Standard", Restek). Analyte Table 1 Algal taxon, culture source, and culturing conditions: Axenic (*); agitation (+); media A, B, D, and F are proprietary; media C and E are publicly available through the NMCA (https:// ncma.bigelow.org); medium H is publicly available through UTEX (http:// web.biosci.utexas.edu/utex/default.aspx); medium G is in [8] . The Menhaden oils from Advance Scientific and Chemical, Santa Cruz Biotechnology, and Supelco were purchased as raw product. 22.0 μL of each oil was placed in 100 mL class-A volumetric flasks and made to volume with analytical-grade dichloromethane (DCM). Replicate 50 μL aliquots of each of these oils in DCM were placed in 10 mL centrifuge tubes and the solvent was evaporated under a gentle stream of dry nitrogen, after which transesterification, standardization, and quantitation proceeded exactly as with the algal samples described above. Menhaden oil from Sigma-Aldrich was purchased as FAMEs solubilized in analytical-grade DCM, 50 μL replicates of which were placed in 1.5 mL GC/MS bottles (Agilent, Santa Clara, CA, USA). 850 μL analytical-grade DCM was then added to each replicate, followed by 100 μL of the revised SV internal standard. GC/MS quantitation of the replicates then proceeded in the same manner as the other Menhaden samples. Replicates were stored at −4°C prior to analysis.
Statistics
GC/MS profile values were validated according to the methods in [10] . "Coefficient of Variation" reflects standard (mean-based) coefficient of variation in this study, that may exceed actual variability when measured using median-based small-sample statistical methods [20] .
Confocal microscopy
Chrysochromulina sp. neutral lipids were stained with the lipophilic dye BODIPY 505/515 (Invitrogen Molecular Probes, Carlsbad, CA, USA) by adding 5 μL of 0.5 mM BODIPY solution to 0.5 mL of cell culture [21] . The BODIPY 505/515 solution was made by adding 10 μL of 5 mM BODIPY 505/515 solubilized in anhydrous DMSO (~98%) to 90 μL Fig. 2 . Menhaden oil standards assessment. Fish oil standards were obtained from commercial sources and quantitatively analyzed using the SUMI technique [10] to assess consistency. Fatty acid content is shown as a percent of total fatty acid for the different standards. A large degree of variability was found among batches obtained from different manufacturers (e.g., Supelco, Cruz, and Matreya) and also between different lots from the same manufacturer (e.g., Supelco lot #1, Supelco lot #2). Chrysochromulina sp. medium. The vitally stained cells were examined using a Zeiss LSM 710 scanning laser confocal microscope (Zeiss, NY) equipped with differential interference contrast optics and a laser that had a 488 nm excitation and 500 to 530 nm band-pass emission filter.
Electron microscopy
Cell pellets were fixed for 1 h in 2% glutaraldehyde in 0.15 M sodium cacodylate buffer (pH 7.2) at room temperature, then rinsed three times in buffer, followed by 1% osmium tetroxide treatment in 0.15 M sodium cacodylate buffer (pH 7.2) for 1 h on ice. Pellets were dehydrated in a graded alcohol series (50, 70, 95, 100%), rinsed three times in 100% dry acetone, infiltrated in a graded acetone-EMBed812 series (33, 66, 100%), embedded in 100% EMBed812 (Electron Microscopy Sciences, Hatfield, PA) and polymerized at 60°C. Silver sections were cut with a DiATOME diamond knife (DiATOME, Hatfield, PA), stained with aqueous 2% uranyl acetate followed by Reynold's lead citrate, and viewed on a FEI Tecnai 12 TEM (FEI, Hillsboro, OR). Images were recorded on an XR-41S 2k digital camera (Advanced Microscopy Techniques Corp., MA)
Results and discussion
Commercial fatty acid standard reference material
To examine the reproducibility of biologically-derived standard reference materials (SRMs) that are presently available commercially, five Menhaden neat oils (i.e. unmodified, pure oil) and a Menhadenderived PUFA standard from different suppliers were compared [ Fig. 2] . GC/MS analysis revealed that the type and amount of fatty acids varied among sources. Some standards lacked fatty acids that were detected in others. For example, C22:6 was present in all standards except Matreya; C22:5 was only present in Supelco lot #2, in the Spectrum sample, and in the PUFA standard. Notably, differences were also observed between batches of oil that were obtained from the same supplier (e.g. Supelco lots #1 and #2). Comprehensive validation of the SUMI technique [10] supports the conclusion that the observed variability in fatty acid profiles seen in [ Fig. 2 ] is attributable to differences in the Menhaden standards rather than the analytical method.
The variability in fatty acid composition among Menhaden oil sources may be due to several contributing factors. For example, commercial Menhaden oils presently used as SRM originate from various Menhaden species [22] , including the Atlantic Menhaden (B. tyrannus) and Gulf Menhaden (Brevoortia patronus). It is well documented that fatty acid composition can be affected by the species of fish selected, seasonal variations in fish body oil complement, region of fish harvest, and oil extraction methodology [23] . Thus, comparably labeled fatty acid standards are likely to differ in profile unless they originate from the same production batch. Long-term storage of a standard is not a solution. Even under ideal conditions, complex oil standards are subject to degradation by oxidation or other methods of decomposition. Moreover, neat oil cannot be used as a surrogate for upstream processes because it is dissimilar to a natural biological matrix. A standard based on an oilcontaining natural matrix, in contrast, can be used to validate extraction, derivatization, and analytical steps.
Standard organism as an SRM
To negate the difficulties cited above, we have chosen Chrysochromulina sp. (Haptophyceae) to use as a renewable SRM for algal fatty acid analysis. This small (4 μm), unicellular golden brown eukaryote [ Fig. 3 ] has several attributes that make it attractive for use as a SRM source. First, Chrysochromulina sp. has no cell covering. Because the organism is delineated solely by a plasma membrane and also lacks the scales that usually embellish cells of almost all species within this taxon, it is easily disrupted by conventional fractionation techniques. The alga can have as high as 40-50% of its dried weight as lipids. Neutral lipids are packaged into two prominent lipid bodies in the cell, and plastoglobuli containing lipids are observed within the chloroplasts [ Fig. 3 ]. The alga can be grown axenically, in large volume, to high density, in a completely defined artificial medium (RAC-5). The cultures can be synchronized, thus making the timing of fatty acid anabolism and catabolism highly predictable [10] . Finally, the fact that the small genome (~57 MB) of this organism has been sequenced (Hovde, Starkenburgh, Deodato, and Cattolico, unpub.) expands the potential utility of the organism in the field of lipid biology.
Given the proposal to use this alga as a standard, it is important to demonstrate the reproducibility of cell growth, lipid recovery and lipid profiling for the organism. To that end, five Fernbach flasks, each containing 1.0 L of medium, were inoculated with Chrysochromulina sp.
[ Fig. 4 ]. All flasks showed nearly identical growth for 10 days (5% or less of coefficient of variation) as the individual cultures progressed through exponential growth to stationary phase. During growth of the five cultures, cells were harvested at days 4 and 10, and fatty acids were quantitated using a micro-GC/MS analysis technique. Productivity in the five flasks for days 4 and 10 was 5.6 mg/L +/−0.3 mg/L and 17.1 mg/L +/−2.1 mg/L respectively. Data from the analysis of the fatty acid compositions of the days 4 and 10 samples show: [ Fig. 5 ] that excellent reproducibility both between replicate samples and among flasks occurred. The fatty acids of Chrysochromulina sp. have a broad identity spectrum including many unsaturated components and are very stable in relative composition from between cultures grown under the same conditions. Excluding the compound C:18:0 (which has a high CV because it is nearly a trace component), variation among fatty acids was low. Median CV's are 2.8% and 3.0% for FA clusters at day 4 and day 10, respectively. This small variation in fatty acid profiles among cultures contrasts sharply with that seen for the Menhaden standards [ Fig. 6 ] where the median coefficient of variation was 158.8%.
By using an algal culture that can be routinely grown and harvested, one may avoid the pitfalls of fish-derived SRMs. As shown in this study, the fatty-acid composition of Chrysochromulina sp. cells maintained under highly regulated growth conditions is extremely consistent. This factor facilitates comparison among results generated far apart in time. Algae with highly reproducible lipid profiles can be a reliable SRM without risking the degradation of unsaturated fatty acids of a standard due to long-term storage. Unlike pre-processed oil, a whole organism may be used as a surrogate to verify consistency of any processing stage, including extraction, transesterification, and chemical analysis. In addition to using the whole Chrysochromulina sp. cell as a matrix SRM for method validation, selected extracted products from this organism could also be exploited. For example, if an investigator were to obtain a fatty acid profile that differed from the Chrysochromulina matrix standard fatty acid, this data would indicate that a problem most likely exists "somewhere" in the analytical process. The use of Chrysochromulina sp. neat oil and derivatized FAMEs could help pinpoint such discrepancies (e.g., an analysis based on a pre-extracted Chrysochromulina FAMEs would localize a problem to the fatty acid chromatographic step). Using one organism to generate intermediate standards for this process makes it easier for laboratories to compare and reach consensus on analytical methodologies.
Lipid production among algal taxa
To compare fatty acid content and profiles among algal taxa, representatives of 7 algal classes (Chrysophyceae, Pavlovophyceae, Pelagophyceae, Pinguiophyceae, Prymnesiophyceae, Raphidophyceae, and Xanthophyceae,) were examined. Chrysochromulina sp. was used as the reference standard in this analysis. Resulting data is shown in Fig. 7 and Table 2 . Pie chart size depicts total fatty acid productivity (mg/L) while sector size within the chart is proportional to the amount of a specific fatty acid present in the sample. The reference standard Chrysochromulina sp. generated both the amount (17.10 mg/L) and fatty acid profile anticipated. This result verifies the effectiveness of the processing and analytical (Black Box of Fig. 1) techniques chosen for the analysis. Data for 20 algal representatives is presented for cultures harvested in stationary phase, which represents a likely time of commercial harvest [ Fig. 7 and Table 2 ]. As shown in these data sets, both total productivity and the amounts of specific oil type produced vary widely among algal taxa. Importantly, the Chrysochromulina sp. standard can be used as a consistent reference for comparing total oil recovery and oil profiles for these algae. For example, Chrysochromulina sp. standard produces more total oil (17.10 mg/L) than Heterococcus caespitosus (0.36 mg/L), but less than Pavlova sp. (UWCC MI 695) (27.55 mg/L). Compared to the Chrysochromulina sp. standard, Pavlova sp. produces twice as much of the commercially valuable C22:6 product (2.63 mg/L vs. 1.20 mg/L in stationary phase).
The differences in algal oil production shown in [ Fig. 7 and Table 2 ] are not surprising. Similar observations have been previously published for many algae [24] . However, these algae (strain is often unknown) were typically subjected to a wide variety of both growth conditions (frequently not specified) and analytical methods for fatty acid assessment. A single reference alga, optimally used by all laboratories, would provide a common language in which algal strain attributes can be compared. Moreover, if implemented, a central database containing fatty acid information -relative to the standard -for specific strains grown under specific environmental conditions, would serve as a universal reference library in which organism potential can be assessed.
Conclusions
The challenge inherent in comparing algal bioproduct data among laboratories is well known. A comprehensive solution is to use a universally accepted reference standard for validating the efficacy of selected Fig. 7 . Pie charts representing fatty acid profiles for a variety of algal species: Chart areas are proportional to productivity (per liter cell culture) on a basis of mg derivatized fatty acids. Cells were harvested early in the stationary phase of a growth cycle. Note that the harvest during the circadian cycle impacts fatty acid productivity. These algae were all sampled at L6 which may or may not be equivalently optimal for all taxa. These pie charts are a convenient way of visually ascertaining capacity of an algal strain grown under specific conditions to produce specific fatty acids. It is also possible to see the differences in fatty acids that exist among algal strains in both total productivity and profile. Data in tabular form are presented in Table 2. analytical methods, commonly referred to as a natural matrix standard. The choice of an organism for this purpose must be made carefully to maximize its broad utility to the field. The wall-less alga Chrysochromulina sp. has been identified as a natural matrix standard for this purpose. For long-term consistency, such a natural matrix standard must be generated in a highly reproducible manner. Chrysochromulina sp. fulfills this criterion. Not only do replicate Chrysochromulina sp. cultures display highly reproducible growth responses; but they also demonstrate consistent fatty acid profiles as shown in this paper. This reproducibility is no doubt influenced by the fact that cultures are harvested at a precise time during synchronous cell growth, for it is well established that fatty acid profiles can rapidly change in response to cell cycle events.
A natural matrix standard, processed through alternative fatty acid recovery techniques (e.g., gravimetric vs. GC/MS) will provide comparative data on method effectiveness, allowing direct comparison of results among production and research facilities. Facilities using Chrysochromulina sp. as a reference standard may generate a collaborative net-localized library wherein information concerning the bioproduction potential of many algal strains or a single algal strain, grown under different conditions, can be sourced. Such an information transfer would hopefully catalyze a common goal of generating higher algal productivity, regardless of whether the final product is biofuel, nutraceuticals or other algal bioproducts. Table 2 Tabular data for Fig. 7 : Information used to generate the pie charts in Fig. 7 is presented in tabular form. Fatty acid amounts were converted to percentages and total fatty acid content was used to properly scale the pie charts. Algae represent 8 taxa and are arranged alphabetically by genus. A total of 19 fatty acids were detected in greater than trace amounts and are presented in order of chain length, then degree of unsaturation. Finally, mg/L (culture) composition of each alga for saturated, mono-and polyunsaturated fatty acids are presented along with the commercially important fatty acids DHA and EPA shown alone. A. Quantitative distribution of fatty acids in microalgae -Stationary phase. conducted fluorescent confocal microscopy and imaging. SB conducted EM imaging. CD performed culture curation, preparation, inoculation, and sampling. RAC conceived and coordinated the experimental series. Culture curation, sampling, and cell counts for the taxon comparison small flasks were performed by Ya-Li Chen. Culture curation, sampling, and flow-cytometric analysis were supported by Will Yost.
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